Therapeutic colonoscopy with electrocautery is widely used around the world. Adequate colonic cleansing is considered a crucial factor for the safety of this procedure. Colonic gas explosion, although rare, is one of the most frightening iatrogenic complications during colonoscopy with electrocautery. This complication is the result of an accumulation of colonic gases to explosive concentrations, but may be prevented by meticulous bowel preparation. The purpose of this review is to discuss the indications and the types of bowel preparations for therapeutic colonoscopy, and to contribute recommendations for the adequate bowel preparation for colonoscopy with electrocautery.
INTRODUCTION
Endoscopic polypectomy and argon plasma coagulation for hemostasis of colonic vascular lesions are considered relatively safe procedures. Among complications that have been reported, gas explosion is rare, but its nature could be dramatic, as perforation could complicate colonic explosion and urgent surgery is needed.
Three factors are necessary to trigger an explosion of colonic gases: presence of combustible gases (hydrogen, methane) produced by the fermentation of non-absorbable carbohydrates in the colon by the colonic bacteria, presence of combustive gas (oxygen), and application of a heat source (electrocautery or argon plasma coagulation) [1] [2] [3] . Five major components of gases have been identified in colon: nitrogen (23%-80%), oxygen (0.1%-2.3%), hydrogen (0.06%-47%), methane (0%-26%), and carbon dioxide (5.1%-29%). Only hydrogen and methane are combustible [4] . They are produced in the colonic lumen from fermentation of non absorbable (e.g. lactulose, mannitol) or incompletely absorbed (lactose, fructose, sorbitol) carbohydrates by the colonic flora [4] [5] [6] . Concentrations of hydrogen more than 4% and/or methane more than 5% are considered potentially explosive [7] . Almost half of the patients (42.8%) with unprepared colon have potentially explosive concentrations of hydrogen and methane [8] . Nevertheless, an explosion with these two gases can occur only if the oxygen concentration is over 5% [9] . Following bowel preparation with a combination of clear liquids, cathartics, and enemas, mean concentration of hydrogen (0.024% ± 0.007%) and methane (0.0023% ± 0.001%) were below of their minimal explosive concentration [4] . Thus, safety of therapeutic colonoscopy could be in part related to the quality of preparation before the procedure. An accumulation of colonic gas to potentially explosive concentrations due to poor colon preparation is considered an initiating factor in the complication of colonic gas explosion. Therefore, quality of bowel preparation as well as type of preparation and dietary restrictions are all essential for an uneventful therapeutic colonoscopy.
INDICATIONS FOR COLONOSCOPY WITH ELECTROCAUTERY
The main indication for application of electrosurgical energy is snare colonoscopic polypectomy with blended or pure coagulation current [10] . Argon plasma has been successfully used for hemostasis of vascular ectasias, for ablation of intestinal polyps or residual adenomatous tissue after colonic polypectomy, and for the endoscopic therapy of postradiation colitis [11] .
Electrosurgical generators
Electrosurgical generators are used to supply electrical energy to endoscopic accessories. When electrical energy is introduced to tissue, it produces excitation of molecules, which results in generation of heat [12] . Electrosurgical generators may supply two types of circuits, monopolar and bipolar. Electrosurgical cutting is achieved by a high voltage (> 200 V) continuous current [10] .
Argon plasma coagulation
Argon plasma coagulation is a noncontact electrocoagulation device that uses high-frequency monopolar current conducted to target tissues through ionized argon gas [10] . Argon plasma delivered through a flexible probe passed through the accessory channel and allows treatment of a large area quickly [13] . In general, low power and low argon flow rates are used for hemostasis with settings of 40-50 W and 0.8 to 1.2 L/mn, whereas higher settings (70-90 W and over 1.2 L/mn) are used for tissue ablation [14] .
BOWEL PREPARATION

Bowel preparation with purgatives
The selection of purgative used for colon preparation is an important factor that makes the bowel safe for therapeutic procedures. Earlier than 1980's, mannitol was considered as the reference agent for colonic preparation. Explosions during therapeutic colonoscopy have been reported after mannitol preparation and its use is now avoided as cleansing colonic solution [1] [2] [3] 5, [15] [16] [17] . Use of oral manittol increased hydrogen and methane excretion [3, 5, 9, [18] [19] . Aspiration of colonic gas at the time of colonoscopy showed that mean intracolonic hydrogen concentration was significantly higher after mannitol than after castor oil. Moreover, potentially explosive concentrations were present in 60% of patients given mannitol compared to 0%-20% of patients given castor oil [3, 19] . Fermentation of mannitol by E.coli is thought to be responsible for the production of potentially explosive gas mixture after oral mannitol preparation [20] [21] . Significantly higher counts of gas-producing E.coli were recovered from patients prepared with mannitol alone compared with mannitol preceded by oral antimicrobials [20] . Therefore, the use of antibiotics prior to therapeutic colonoscopy could be a measure that would lower the load of intracolonic bacteria. An alternative approach to reduce the risk of explosion of colonic gases if mannitol preparation is used before electrocautery is insufflation of an inert gas such as carbon dioxide instead of air [3, 22] . Since 1990, a major progress occurred with new agents, such as polyethylene glycol electrolyte lavage solution (PEG-ELS) and oral sodium phosphate (NaP) solutions. Several studies agree that these agents provide a climate safe for electrocautery during colonoscopy by decreasing the concentrations of combustible gases [14, [23] [24] [25] [26] . The highest hydrogen and methane concentrations after a PEG-ELS preparation are well below the combustible level [26] . A recent report described a case of colonic gas explosion in a patient that underwent bowel preparation with a polyethylene glycol solution containing sorbitol [27] . Sorbitol is an important carbohydrate that is daily included in humans diet. Studies have shown that the frequency of sorbitol malabsorption may be as high as 60% in healthy subjects [3, 28] . Thus, fermentation of this malabsorded carbohydrate by colonic bacteria could result in raised combustible gas concentrations in the colon and explain the explosion that occurred in the above mentioned case report [27] .
Partial bowel preparation by enemas
For lesions that need electrocautery and are located up to the level of sigmoid colon, a flexible sigmoidoscopy with enema preparation is the procedure of choice by the majority of gastroenterologists. However, studies have reported cases of gas explosion in patients prepared by enemas [29] [30] [31] . In these cases, the used enema did not contain any fermentable agents and the extension of colonic preparation was thought to be the initiating factor in this complications. Due to the partial colonic preparation, presence of residual stools above the lesions could enhance gas production and explain gas explosion.
In a prospective study, sixty patients were evaluated to compare the presence of the combustible gases hydrogen and methane during colonoscopy after a PEG-ELS preparation and flexible sigmoidoscopy after phosphosoda enemas alone [32] . During colonoscopy, the concentrations of hydrogen and methane remained below combustible levels in all patients, whereas 10% of patients had combustible levels of either hydrogen or methane during flexible sigmoidoscopy. Patients had combustible levels even after air insufflation during sigmoidoscopy and the possibility of explosion was clinically significant. Another important observation of this elegant study was that even segments of colon with excess retained stools did not have combustible levels of these two gases. It seems that insufflation of air during colonoscopy equalizes the distribution of combustible gases, overcoming the compartmentation of the colon.
In a more recent study using argon plasma coagulation for hemorrhagic radiation proctitis, incidence of gas explosion was higher after local colon preparation (3/19 sessions) compared with oral preparation (0/53 sessions) [31] . All three explosions after enema preparation occurred in patients with persistent solid stool above the coagulated lesions. Thus, the presence of stools could constitute the main risk for the colonic explosion.
REVIEW OF PUBLISHED STUDIES
A systematic review of the medical research published in English language from 1952 to October 2006 was performed, by using MEDLINE, SCOPUS, SCIRUS, and EMBASE to obtain studies published on colonic gas explosion. The search terms included were combinations of "colonic explosion" or "gas explosion" with "surgery", "electrocautery", "polypectomy", and "argon plasma coagulation".
A total of 20 cases of colonic gas explosion were identified (Figure 1 ). Eleven cases of gas explosion during surgery [2, 16, [33] [34] [35] [36] [37] [38] [39] and 9 cases during colonoscopic procedures have been published. Argon plasma coagulation provided the initiating heat source in five of the nine colonoscopic cases [29] [30] [31] , whereas the remaining four cases were associated with endoscopic polypectomy [1, 15, 17, 27] . Recently, we also experienced a case of colonic explosion during an argon plasma coagulation procedure for postradiation colitis. Although seven successive, uneventful sessions of argon plasma coagulation were performed with enema preparation, gas explosion without colonic perforation occurred upon finishing the last procedure.
Nine of the 20 published cases (45%) of gas explosion were complicated with colon perforation. Perforation was observed in all of the four polypectomy cases [1, 15, 17, 27] , in two cases using argon plasma coagulation [29, 31] , and in three cases during electrosurgery [2, [33] [34] . One of the four perforations during polypectomy was fatal [1] . Bowel preparation by ingestion of a mannitol solution was used in 14 cases and of a cleansing solution containg sorbitol in one case [27] . Preparation by enemas containg no fermentable agent was used in all five cases treated with argon plasma coagulation for post-radiation colitis [29] [30] [31] .
CONCLUSION
Colonic gas explosion is a rare, but potentially serious complication during colonoscopy with electrocautery. Accumulation of colonic combustible gases at potentially explosive concentrations due to poor colon preparation is the cause of gas explosion. Cleansing purgatives (PEG, NaP) that make the bowel safe for electrocautery by decreasing the concentrations of the combustible gases are adequate for colon preparation. Argon plasma coagulation carries an increased risk of explosion during sigmoidoscopy following enemas, and it should only be performed after full bowel preparation.
In conclusion, we recommend the following to avoid colonic gas explosion during colonoscopy with electrocautery:
(1) Cleansing solution containing mannitol [3, 8, 19] or other malabsorbed carbohydrates (e.g. sorbitol) [6] should be avoided in the preparation of the colon since intracolonic concentrations of H2 or/and CH4 could be at combustible levels.
(2) During flexible sigmoidoscopy after standard enema preparation, concentrations of H2 or/and CH4 could be at explosive levels [32] . (3) Argon plasma coagulation for post-radiation colitis should be performed only after complete bowel preparation with PEG or NaP, to avoid the risk of explosion [31] . (4) Polypectomy with electrocautery should only be performed after full bowel preparation with PEG or NaP to prevent colonic explosion [1, 15, 17, 27] .
